1. Background {#sec1-ijerph-17-03069}
=============

Complex interventions \[[@B1-ijerph-17-03069],[@B2-ijerph-17-03069]\] challenge both researchers and stakeholders in terms of development and evaluation \[[@B3-ijerph-17-03069]\]. These interventions also pose challenges when transferring them to different contexts and scaling them up or out \[[@B4-ijerph-17-03069],[@B5-ijerph-17-03069],[@B6-ijerph-17-03069]\].

Given the substantial influences of intervention characteristics and context on the results \[[@B7-ijerph-17-03069],[@B8-ijerph-17-03069]\], evaluating complex interventions involves more than assessing their effectiveness. The mechanisms, processes, conditions and modality of implementation must also be explored as to their impacts on context \[[@B9-ijerph-17-03069]\]. Researchers are effectively invited to open a "black box" that allows for the assessment of functionality, reliability, quality and causal mechanisms and contextual factors associated with variations in outcomes \[[@B10-ijerph-17-03069],[@B11-ijerph-17-03069]\].

Several approaches to complexity have been put forward. In 2000, the Medical Research Council (MRC) proposed a definition (revised in 2008) of a complex health intervention \[[@B1-ijerph-17-03069],[@B10-ijerph-17-03069]\]. Complexity involves the interaction of multiple components, the behaviour of those providing and receiving the intervention, the organisational level targeted, the variability in outcomes and the flexibility of the intervention. Another approach to analysing complexity uses complex-systems thinking \[[@B9-ijerph-17-03069],[@B12-ijerph-17-03069]\]. Intervention/system complexity is defined in terms of its components and its associations with various systems. Many factors must be considered, including internal (e.g., activities, human, material and financial resources) and external factors (e.g., the social environment and political context). The intervention context embraces the spatial and temporal conjunction of social events, individuals and social interactions; these generate causal mechanisms that interact with the intervention and modify the intervention's effects \[[@B13-ijerph-17-03069]\].

Recognising the system characteristics, Cambon et al. suggest, in their approach to complexity, replacing the term "intervention" with "intervention system" \[[@B14-ijerph-17-03069]\]. An intervention system was defined as a set of interrelated human and nonhuman contextual agents within certain spatial and temporal boundaries that generate mechanistic configurations (mechanisms) that are prerequisites for changes in health.

A previous review highlighted challenges imposed by the design, implementation and evaluation of complex interventions \[[@B3-ijerph-17-03069]\]. They have to do with the content and standardisation of interventions, the impact on the people involved, the organisational context of implementation, the development of outcome measures and evaluation. Here we focus on evaluation. We recently published a review of the principal methods used to evaluate complex interventions \[[@B15-ijerph-17-03069]\]. We found that several methods are used successively or together at various stages of evaluation. Most designs feature process analyses. To complete this quantitative analysis, we used a mixed-methods approach to investigate the dimensions of complexity described in health research and how these descriptions may affect the adopted research methodology. More precisely, our specific objectives were to answer the following questions: 1. What are the key dimensions of complexity described by researchers? 2. How are such complexity dimensions evaluated? 3. How do they implement existing recommendations on complex interventions evaluation? and 4. How do they justify their choices at each stage of the research (from intervention development to its transferability)? Our previous article discussed the concepts and methods used by researchers as described in reviewed articles, but only an in-depth analysis of the entire contents (including the discussions) would clarify how choices were made.

An understanding of researcher attitudes and practices will inform work in progress, in particular, the development of tailored tools for the development, analysis, adaptation, transfer and reporting of interventions \[[@B16-ijerph-17-03069],[@B17-ijerph-17-03069],[@B18-ijerph-17-03069],[@B19-ijerph-17-03069],[@B20-ijerph-17-03069]\].

2. Methods {#sec2-ijerph-17-03069}
==========

We performed a review \[[@B21-ijerph-17-03069]\] of peer-reviewed scientific articles evaluating complex interventions in the field of health. The quantitative part of this review has already been published \[[@B15-ijerph-17-03069]\]. This article presents the qualitative part of this review. The research strategy was designed to identify articles written by authors who evaluate complex interventions in the field of health (clinical care and health services research, health promotion and prevention) \[[@B15-ijerph-17-03069]\]. We used the PRISMA check-list \[[@B22-ijerph-17-03069]\].

2.1. Search Strategy {#sec2dot1-ijerph-17-03069}
--------------------

We searched the PubMed database on MEDLINE. The 11-year search period (from 1 January 2004 to 31 December 2014) contained studies that integrated the first definitions of complexity by the MRC \[[@B10-ijerph-17-03069],[@B12-ijerph-17-03069]\]. We searched for the keywords "complex intervention\[s\]" AND "evaluation" in the title, abstract and/or body of the article.

2.2. Article Selection {#sec2dot2-ijerph-17-03069}
----------------------

Included articles met the following criteria: 1. They were written in English or French; 2. They were research/evaluation articles, protocols or feasibility/pilot studies (we excluded reviews/meta-analyses, methodological articles, abstracts, book chapters, commentaries/letters, conference papers and other oral presentations and articles reviewing conceptual frameworks); 3. They evaluated a complex intervention; 4. They include a presentation of the dimensions of complexity.

Two reviewers working independently performed the initial title and abstract screening (to exclude articles that were deemed ineligible) followed by a detailed full-text screening of the remaining articles (to exclude those that did not meet all the inclusion criteria). Any disagreements were resolved via discussion with a third reviewer.

2.3. Data Extraction {#sec2dot3-ijerph-17-03069}
--------------------

All articles were independently read by two researchers. Any disagreements were resolved via discussion. Data were extracted using a grid including the following items: 1. Description of articles (title, author(s), country, date, journal, publication type, key words, discipline, publication field and objective of the article); 2. Definition and description of complexity (reference(s) used, dimension(s) of complexity identified by authors) and methods used to address complexity.

2.4. Data Analysis {#sec2dot4-ijerph-17-03069}
------------------

The extracted articles were subjected to a two-step analysis. The first step was a descriptive analysis that identified any included references to complexity. The second involved a content analysis exploring the dimensions of complexity, the concordance between the dimensions highlighted by the authors and those of relevant citations, the level of detail in the provided descriptions of complexity and the influence of the consideration of complexity on the researchers' methods. Two authors (J.T., J.K.) performed these analyses and cross-checked their results.

3. Results {#sec3-ijerph-17-03069}
==========

A total of 438 articles were identified. Among them, 179 met the inclusion criteria ([Figure 1](#ijerph-17-03069-f001){ref-type="fig"}).

3.1. General Description of the Published Articles {#sec3dot1-ijerph-17-03069}
--------------------------------------------------

Of the 179 articles included in the study, 33.5% were protocols, 33.5% were pilot or feasibility studies and 33% were evaluation studies. Most articles originated from English-speaking countries. A tenfold increase in the number of articles on the broad theme of healthcare was observed over our screening period (from 4 in 2004 to 39 in 2014). Most articles involved researchers from several scientific disciplines (71.5%), representing collaboration between two (54.5%) to six (1.2%) disciplines. The most frequently represented disciplines were medicine, public health, social sciences, health sciences, nursing, psychology and health research. The articles dealt with the following fields: prevention, health promotion and education (46%), clinical care (36%) and health services research (18%). The main themes were healthcare (40%), pathology (33%) and behavioural change (27%).

Among the 179 articles, 52 did not use a reference involving complexity (the expression "complex intervention" appeared in the keywords, abstracts or body text but without any citation or description), 79 cited an article on complexity and 48 additionally defined, described or justified the intervention complexity. Among these 48 articles, the most frequently cited references (alone or combined) were the MRC frameworks of 2000 and 2008 and related articles \[[@B1-ijerph-17-03069],[@B10-ijerph-17-03069]\] (86%), Campbell et al. \[[@B23-ijerph-17-03069]\] (15%), Oakley et al. \[[@B24-ijerph-17-03069]\] (12.5%), and Hawe et al. \[[@B12-ijerph-17-03069]\] (12.5%).

A content analysis of the 48 articles ([Table 1](#ijerph-17-03069-t001){ref-type="table"} and [Table 2](#ijerph-17-03069-t002){ref-type="table"}) that went beyond a single citation allowed us to identify the dimensions of complexity in the interventions.

3.2. The Dimensions of Complexity {#sec3dot2-ijerph-17-03069}
---------------------------------

A thematic content analysis of the 48 articles revealed three major dimensions of complexity: 1. The characteristics of intervention stakeholders (27 articles); 2. The multimodality of an intervention (21 articles); and 3. The intervention context (14 articles).

### 3.2.1. Characteristics of Intervention Stakeholders {#sec3dot2dot1-ijerph-17-03069}

A total of 27 articles cited the individual characteristics of the different stakeholders (beneficiaries, field workers and decision makers) as one of the dimensions of complexity. The individual characteristics reflected, on the one hand, both intervention stakeholders' profiles and their possible effects in terms of intervention involvement and/or the relationships between the different stakeholders, and on the other hand, stakeholders' knowledge and competencies (e.g., training). Although these combined characteristics were mentioned as elements of complexity, the individual characteristics were approached from different angles. Sometimes, they were treated as a "mechanism" or an "active ingredient" that was capable of positively or negatively influencing the outcome. For example, in article 45, authors explained that the complexity of their intervention, which was partly attributable to the professional competencies of the stakeholders, directly influenced the outcomes. At other times, the characteristics were treated as a research objective or as an outcome such as a behavioural change that was difficult to achieve:

> *"Health care interventions \[...\] are typically complex: they may \[...\] seek to achieve outcomes that are difficult to influence, such as changes in individual patient or professional behaviour."*
>
> (article 8)

### 3.2.2. The Multimodality of an Intervention {#sec3dot2dot2-ijerph-17-03069}

Multimodality was identified in 21 articles as a dimension of complexity. We found two types of multimodal interventions. Multimodality may be a combination of several very distinct actions (e.g., training professionals, environmental actions) performed simultaneously or consecutively at different levels. Alternatively, multimodality may be a chain of stages in a single action (e.g., a medical treatment protocol). In article 28, authors compared the results of the evaluation of a complex rehabilitation protocol to the usual treatments for patients discharged from intensive care units. The complexity here lay in a proposal to redesign care to feature several consecutive steps.

### 3.2.3. The Intervention Context {#sec3dot2dot3-ijerph-17-03069}

The context in which the intervention was described was another dimension of complexity in 14 articles. Irrespective of whether the context was organisational, institutional, environmental, or social, it was cited because of its strong influence on both the implementation of the intervention (generally involving some flexibility) and its actual effectiveness.

In article 41, authors explained the importance of defining elements of the context and identifying how these might (positively or negatively) influence the outcomes.

> *"To describe the contexts in which the intervention was delivered and explore contextual factors that may influence the delivery or impact of the intervention, and the outcomes. \[...\] It may also explain intentional and unintentional differences in delivery. Reflecting on the relationship between organisational context and how each agency used the program to address local needs may have implications for future program design and delivery. \[...\] We conceptualised context as incorporating the social, structural and political environment of each participating organisation."*
>
> (article 41)

Unlike the two previous dimensions, which, from the authors' viewpoints, were sufficient to define interventions as complex, context was always combined with one or several other dimensions of complexity. In other words, context did not appear as an independent component, and, when it did appear, the complexity lay principally in the interaction between the context and stakeholders' characteristics and/or the multimodality of the intervention.

3.3. The Level of Detail in Descriptions of Dimensions of Complexity {#sec3dot3-ijerph-17-03069}
--------------------------------------------------------------------

The level of detail varied greatly; we defined the approaches as minimalist, intermediate and in-depth descriptions. The minimalist approach corresponded to using only one citation for the source of complexity with little narrative description or details; the intermediate approach described a correspondence between the citation used and the elements of the intervention developed/evaluated; the in-depth approach included a structured and well-argued process of integrating dimensions of complexity into the evaluative approach.

### 3.3.1. Minimalist Descriptions {#sec3dot3dot1-ijerph-17-03069}

Of the 48 articles analysed, 24 offered minimalist descriptions, mentioning one or more intervention components accompanied by a definition of complexity and a comment on whether this was relevant to intervention development or evaluation. At this level, the dimensions of complexity were identified in terms of the literature review only and not the precise intervention context. Intervention complexity was considered to justify an innovative evaluative approach, but the 24 articles each made only one "formal" link between the definition of complexity and their choice of methods for developing or evaluating their intervention.

### 3.3.2. Intermediate Descriptions {#sec3dot3dot2-ijerph-17-03069}

Sixteen articles provided intermediate-level descriptions of complexity. Unlike in the Minimalist level discussed above, the authors did not simply identify the dimensions of the complexity of the intervention they were developing or evaluating based on the scientific literature, they also explained the dimensions by drawing on their own interventions.

Article 38 presented a pilot study of an e-intervention offering psycho-affective support from the siblings of people affected by their first psychotic episode. Authors introduced the notion of complexity via a citation and then emphasised the need to develop a more flexible, complex, multimodal intervention that could be adapted to the real lifestyles of their target population, whose dimensions of complexity they identified:

> *"The intervention is "complex" according to the MRC definition because it comprises a number of, and interactions between, components within the intervention that subsequently impact on a number of variable outcomes. The components are: psychoeducation and peer support, each of which is a complex intervention in its own right, and each may work independently as well as inter-dependently in exerting their effects. \[...\]. Another issue for consideration in complex interventions is the number and difficulty of performing behaviours required by those delivering and/or receiving the intervention, such as those involved in this intervention by the sibling-participants."*
>
> (article 38)

At this level, although a link was established between the reference(s)/concept(s) used and the elements present in the interventions, reflection on complexity and its elements remained rather limited.

### 3.3.3. In-Depth Descriptions {#sec3dot3dot3-ijerph-17-03069}

The other eight articles provided detailed descriptions of complexity. These in-depth works deconstructed interventions into their various components to identify the dimensions of complexity and thus determine a corresponding methodology for intervention development and evaluation. The authors applied the concepts as closely as possible to their intervention practice. For example, a study on the dental health of patients who had suffered strokes structured complexity differently from that described above. Authors (article 16) interpreted their intervention theoretically by referencing the literature and deconstructing it into components that differed in terms of complexity. In their opinion, the extent of complexity depended on the number of interactions between levels, components and actions targeted by the intervention, the number and variability of participating groups and the contexts of the interventions.

The authors showed, on the one hand, a link between each element and the systems engaged and, on the other hand, the influence of such interdependence on the outcome. In other words, they formulated hypotheses of intervention mechanisms. They considered that an understanding of the interactions between the different elements was essential if a real world intervention was to be successful. This implied that these elements had been considered to matter when the research questions had been formulated and ceased only when the evaluative process was performed. Their analysis of complexity was integral to the development of the intervention, guiding first the theorisation and then the evaluative framework, allowing them to measure the impact of intervention components by the different contexts targeted.

Another article presented an exercise programme for community-dwelling, mobility-restricted, chronically ill older adults featuring structured support by general practitioners (article 34). The authors deconstructed the complexity of their intervention and developed a methodological strategy guided by the MRC framework. They combined all five of the MRC guidance dimensions with specific intervention elements. For example, for the item "number and difficulty of behaviours required by those delivering or receiving the intervention", they identified "GPs' counselling behaviour, exercise therapist's counselling behaviour and patient's behaviour including motivation and ability (information, instruction, equipment) to perform the exercise programme regularly". They built their study via detailed reference to the first three phases of the MRC framework.

3.4. Recognising Complexity When Considering Interventions and Evaluations {#sec3dot4-ijerph-17-03069}
--------------------------------------------------------------------------

In 30 of the articles (60.7%), intervention development and/or evaluation followed only the MRC recommendations. Thirteen (27.1%) cited Hawe et al. \[[@B12-ijerph-17-03069]\] and/or another reference specific to the theme of the intervention and five (10.4%) cited a complex intervention similar to that contemplated from within the authors' own discipline.

Although all articles reported the use of methodological approaches that had been adapted to consider complexity, their application varied among studies, as the approaches were introduced at different points during the intervention. Of the 48 studies, 13 (27%) considered complexity only during the development of the intervention, 17 (35%) only during evaluation and 18 (37.5%) throughout the entire process.

Regardless of the point at which complexity was considered, such consideration caused 47 authors (98%) to use a methodological adaptation (e.g., a cluster randomized controlled trial (RCT)) or an alternative (e.g., realistic evaluation) to the individual RCT, the gold standard in clinical research. The principal adaptation was the creation of some form of process evaluation (46%), usually (but not always) combined with a trial. However, the descriptions of the methodological adaptations in relation to the dimensions of complexity varied in their level of detail, as did the reasons for the choices. Some authors cited only a single reference to the development and evaluation of complex interventions to justify the use of a particular methodology and/or evaluative model, specifically when that model diverged from the MRC recommendations. Others strictly applied the recommendations to which they were referring, or engaged in detailed reflection on their methodological choices in terms of the complexity of the intervention, also describing the adaptations in great detail. They also often advocated a wider use of the framework they had followed. In article 10, authors clearly justified their evaluative choices and sought to consider, optimally, the various dimensions of the complexity of their intervention.

> *"This complexity makes a classical randomized controlled trial (RCT) design \[...\] inappropriate for evaluating the effectiveness of public health interventions in a real-life setting \[[@B15-ijerph-17-03069],[@B16-ijerph-17-03069]\]. \[...\] Therefore, an evaluation approach is proposed that includes a combination of quantitative and qualitative evaluation methods to answer the three research questions of this study. To answer the first and second question, a quasi-experimental pre-test post-test study design \[...\] is used. \[...\] intervention inputs, activities, and outputs are recorded to assess the implementation process."*
>
> (article 10)

They returned to a discussion of the contributions made by their evaluative choice and explained that, in their opinion, a mixed-methods approach yielded detailed information on both the methodological feasibility of the intervention and its exact specification.

Finally, fewer than half of the articles (43%) used a theory-based approach to intervention development. The most frequently used theories were psychosocial constructs of behavioural change (21%).

4. Discussion {#sec4-ijerph-17-03069}
=============

We analysed how health researchers defined and described complexity in their evaluations and how these descriptions influenced their methodological choices. This qualitative analysis complements our previous article on methodologies used \[[@B15-ijerph-17-03069]\]; here we seek to explain why they were used.

We found three principal dimensions of complexity:

1\. Stakeholder characteristics were viewed as either a mechanism/active ingredient or an outcome to be achieved in terms of behavioural change. 2. The next dimension, multimodality, is key. However, multimodality per se does not adequately define complexity. In fact, a "complicated" intervention is distinguished from a "complex" one not only by the multimodality but also by its dynamic character and interactions with the context \[[@B25-ijerph-17-03069]\]. 3. The interaction of the intervention with the organisational, social, environmental, or institutional context was clearly recognised as constitutive of complexity. Our review of experiences and practices, as reported in the articles, emphasises the perceived importance of such interactions in terms of intervention effects. This is consistent with the view that a complex intervention is an "event in a system" \[[@B2-ijerph-17-03069],[@B9-ijerph-17-03069],[@B14-ijerph-17-03069]\]. Pragmatic operational approaches are being developed to consider context in developing, evaluating and adapting interventions \[[@B17-ijerph-17-03069],[@B26-ijerph-17-03069],[@B27-ijerph-17-03069]\].

Identifying dimensions of complexity contributes to a better understanding of how and under what conditions an outcome can be achieved. This approach is essential also for transferability as it helps to highlight the "key functions" that need to be maintained to obtain similar outcomes in a new setting \[[@B4-ijerph-17-03069]\].

Most identifications and explanations of complexity were pragmatic in nature, countering the ambiguity generated by semantic variations when describing the dimensions of complexity \[[@B28-ijerph-17-03069]\]. The authors rarely used recognised terms such as "active ingredients" \[[@B29-ijerph-17-03069]\], "key functions" \[[@B12-ijerph-17-03069]\], "core elements" \[[@B30-ijerph-17-03069]\] and even "components" \[[@B10-ijerph-17-03069],[@B31-ijerph-17-03069]\]. Reporting of interventions requires improvement \[[@B20-ijerph-17-03069],[@B32-ijerph-17-03069]\]. In fact, the descriptions of interventions, processes, mechanisms and theoretical models were often poor \[[@B32-ijerph-17-03069],[@B33-ijerph-17-03069]\]. A detailed description may not be feasible in a scientific article, but articles that included either intermediate or in-depth descriptions tended to highlight just one component of intervention and used methodological adaptations for evaluation. Half of the articles engaged in process evaluation, usually coupled with a trial, to evaluate implementation quality and clarify the mechanisms that did or did not impact the expected intervention outcomes, thus conforming to the MRC recommendations \[[@B1-ijerph-17-03069],[@B11-ijerph-17-03069]\]. However, any connection between the recognition of intervention complexity and the decision to adapt a certain evaluative method received minimal attention; complexity per se was generally viewed as adequate justification for the use of an evaluative model other than the classic individual RCT, which remained the gold standard, even for those authors who used methodological adaptations \[[@B15-ijerph-17-03069]\].

The descriptions of dimensions of complexity varied in terms of precision and depth, the methodologies used and the justifications for adaptations introduced because of complexity. The extent to which researchers and stakeholders deal with complexity differ, as does the correspondence between theory and practice. Indeed, not all intervention complexity dimensions defined in the literature were used, or even mentioned, by a number of authors who claimed that their interventions were complex. However, not all dimensions are always relevant for a given intervention/evaluation. Furthermore, the number of dimensions and the extent to which complexity is considered in a research project depends on many factors, such as the questions asked \[[@B15-ijerph-17-03069]\]. Although some new dimensions of complexity were identified, they were generally only briefly discussed. We cannot tell whether this was because the concepts had only been partially adopted by the researchers and field workers or because "theoreticians" and "practitioners" viewed complexity differently.

Strengths and Limitations
-------------------------

The dimensions of complexity can be classified in various ways \[[@B11-ijerph-17-03069],[@B34-ijerph-17-03069]\]. We have chosen a stakeholders/multimodality/context classification. This was appropriate because it reflected the concerns of the authors. This classification was pragmatic, not mechanistic. Other choices could have been made, e.g., the characteristics of those delivering interventions could have been viewed as either implementation elements and/or key functions (i.e., producers of the result).

We may not have retrieved every useful work on complex interventions. The keyword "complex intervention" retrieved only interventions described as complex by their authors. A previous review on the same subject used a similar method (a search for the term "complex intervention" in the title and/or abstract) \[[@B3-ijerph-17-03069]\]. Moreover, the PubMed database references articles in the field of health but lacks some in the fields of educational and social sciences. We did not seek to be exhaustive; rather, we sought to provide an overview of the links between definitions of complexity and choices of evaluation methodologies made by researchers who identify themselves in this way.

Finally, a review of the scientific literature cannot fully achieve the objectives that we set. A review can deal with the practices of only a small proportion of researchers and stakeholders.

5. Conclusions {#sec5-ijerph-17-03069}
==============

Here we clarified not only how researchers view complexity but also the effects of such views on researcher practices. Our results highlight the need for clarifications of what complexity means. We would encourage researchers to pay careful attention to their descriptions of the dimensions of the complexity of the interventions they evaluate.
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